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CATALYSTS, METHOD OF PREPARING THESE CATALYSTS, 
AND POLYMERIZATION PROCESSES WHEREIN THESE CATALY. 
STS ARE USED 

. I . This' Is a Contlnuatipn-in-Part of U. S. patent ApplVcatibn 

.2. Serial No.. 011,471, filed January 30. 1987. / 

.3- BACKGPOUNO OF THE INVENTION • " " 

4 . This Invention relates to compositions. of natter useful as 

5 catalysts, to a method for preparing these catalysts, to a; process. 

6 wherein these compositions of matter are used as. catalysts and- to 

7 polymeric products produced with these catalysts; Hore ■. 

8 particularly, this Invention relates to catalyst compositions,. to a 

9 . method of making said catalyst compositions, to a method; for: : 

10 polymerizing olefins, dlolefins and/or acetyl enually unsaturated. 

11 monomers wherein these catalyst compositions are used, and to. 

12 : polymeric products produced with these catalyst compositions. : 

13 The use of soluble Ziegler-Natta type catalysts In the. 

14 polymerization of olefins Is, of course, well known in: the pflb'r. 

15 art. In general, these soluble systems comprise a Group IV-B metal 

16 . compound and a metal alkyl cocatalyst, particularly an aluminum 

17 alkyl cocatalyst. A subgenus of these catalysts Is that subgenus 

18 comprising a bis(cyclopentadienyl) compound of the Group IV-B 

ig metals, particularly titanium, and an aluminum alkyl cocatalyst. 

20 Nhile speculation remains. concerning the actual' structure of the. . 

21 active catalyst species in : this subgenus of soluble 1 Ziegler-Natta 

22 type olefin polymerization catalysts, it would appear generally 

23 accepted that the active catalyst species is an ion or a 

24 decomposition product thereof which will alkylate. an olefin In .the 

25 presence of a labileVstabr.lzlhg anion. This theory may have first 
, 26 . been advocated by Breslpwahd Newburg; arid Long and 'Breslqv. as 

27 indicated In their respective articles appearing In 3. Am, Chen. 

28 -Soc". .' .1959, Vol. 81, pp; 81-86', and 3. An. Chen. Sot/. i960. Vol. ,. 

29 82, pp= 1953-1957 As Indicated In these articles, various studies 

30 suggested that the active catalyst species is a titanium-alky 1 

31 complex or a species derived therefrom when a titanium compound; 

32 viz., b1s(cyclopehtadiehyli)titanium diha11de...and an aluminum alkyl 
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X ; are used as a catalyst or catalyst precursor.;. The; presence of ' 

2 Ions, all being in equilibrium, when a titanium compound- Is used. . 

; 3 ... was also suggested by DyaehkovsMi. Vysokomol. Soyed., 196^./Vot. : . 

4 7,.pp. U4-115 and by DyachkovsUi . Shilova and Shiiov, J. Polyia, 

: ScU. t Part C. 1967. pp. 2333-2339. That . the active; catalyst . 

6 - species Is a cation complex when. a titanium conpound is usjetf, was .. 

1 ■ further suggested by El sch et ah. 0; Am. Cheni Soc; v 1985; VoK 

8 .. .107, pp. 7219-7221. . . 

9 • While the; foregoing articles teach or suggest that the 
active catalyst species 1s an 1bn„pa1r and; particularly an Urn 
pair wherein the. metal component is present as. a cation or a 

12 decomposition product thereof, and While these references teach or 

13 suggest coordination, chemistry to form such active catalyst 
r.H species, all of the articles teach' the use of i cocatalyst 

15 comprising a Lewis add either to form or to stabilize the active 

16 ionic catalyst species. The active catalyst is. apparently, formed 
V through a Lewis acid-Lewis base reaction of two neutral components 
18 (the metallocene and the aluminum alkyl). leading to an equilibrium 

.:. 13 between a neutral, apparently inactive, adduct and. an Ion pair, 

20 presumably the active catalyst. As a result of this equilibrium, 

21 there. Is. a competition for the anion which must be present to 

22 stabilize the active cation catalyst species. This equilibrium is. 

23 of course, reversible and such reversal will deactivate the 

24 catalyst. Moreover, the catalyst systems heretofore contemplated 

25 are subject to poisoning by the presence of basic impurities in the 

26 system. Further, many, if not all , of the Lewis acids heretofore 

27 .contemplated for use in soluble Ziegler-Natta type catalyst systems 

28 are chain transfer agents and, as a: result, prevent effective 

29 control of the product polymer molecular weight and product 

30 molecular weight distribution Still further, most, 1f not all, of 

31 the cocatalysts heretofore contemplated are highly pyrophoric and. 

32 as a result, somewhat hazardous to use. 

33 aforementioned catalyst systems have not. generally. 

34 been particularly active: when zirconium or hafnium is the Group 

35 iy-B metal used. Recently, however. It has been found that active, 

36 Ziegler-Natta type catalysts can be formed when bis (eye 1c- 

37. . pentadienyl)hafnium and bi s ( eye 1 open tad ienyl) zirconium compounds 
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yl" are used With alumpxanes. As is well Known; these systems offer 
• * 2 several distinct advantages, including vastly higher catalytic 
: .;3 activities than the aforementioned bis (cyclopentad.ienyl)titaniun 
;4 . catalysts and the production of polymers with narrower molecular 
. Weight distributions than those from conventlonalZlegler-Natta 

. . ? . catalysts. These systems remain subject to. poisbnlng when basic 

7. impurities are present and do, however ; require ah undesirable . 
v. . excess of the alumoxane to function efficiently. Moreover, the 

9 hafnium containing systems are not as active as the zirconium 

10 containing systems, at least when used for homopolymerlzatlon. 

; ; H : This has been suggested by Glannettl , Nlcoletti, and Mazzocchi , J. 

;>L2;; ; : Polym. Sci; f Polym. Chera., 1985, Vol. 23, pp. 2117-2133, who- - ■ 
.13 - claimed that the ethylene polymerization rates of bls(cycl<>- 
:14 . pentadienyDhafnium compounds were five, to ten. times slower than 

.15 those of similar bls(cyclopentadienyl)zirconi urn compounds while 

16 there was little difference between the two catalysts in the 

17 molecular weight of the polyethylene formed from them. 

18 In light of the several deficiencies of the coordination 

19 : . catalyst systems, heretofore contemplated, the need for an improved 

20 coordination system which: (1) permits better control of molecular 
. 21 . weight and molecular weight distribution; (2) is not subject to 

.22 activation equilibrium; and (3) does not.lnvolve the use of an 
: 23, ■ ■ undesirable cocatalyst 1s believed readily apparent. 

SUMMARY OF THE INVENTION 
>."25- ."- It has now. been discovered that the foregoing and other 

. 26 disadvantages of the prior art ionic olefin polymerization. 
; 27 / catalysts can be avoided, or at least reduced, with the. ionic 

28 .catalysts of the present Invention and an Improved olefin, diolef In 

29 and/or acetylenically unsaturated monomer polymerization process 

: 3Q. . • provided therewith, it is, therefore, an object of this invention.^ 

31 to provide improved Ionic catalyst systems useful 1n the 

32 polymerization of olefins, diolefins and acetylenically unsaturated 
33 ; . monomers. It is another object of this invention to provide a 

>34" : ' ':roeth6d" ; for preparing such improved catalysts.. It is a further' 
35 object of this invention. to provide an improved polymerization 
.'?.V:i ; .P rocesi such improved catalysts, it Is stilt, another object 1 
; 37- of this invention to provide such an improved .catalyst which, is not. 
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\, -shbUctAg Ion equilibrium reversal. It 1s still a. further object .- 
2 • • of this invention to provide such an Improved catalyst- which may 
f. . ; ,pVriDit better control of the/product polymer molecular weight and: 
* oiblecular weight distribution. It. is yet a further object of this 
.5 . Invention ^ provide such an Improved catalyst which. may be used 
f ;:: With less risk of fire. It Is even another object of this "\" ■■ 
.Invention,^ produced- with these: 

Improved catalysts having relatively narrow molecular weight 
distributions and- which are free of certain metal impurities. The, 
v.-. ^ re9 °^ g apd 5t ^ n other objects and" advantages. of the present 

invention will become apparent from. the description set forth 
•12: hereinafter and the. examples included herein. . 

13 In accordance with the present invention, the 'foregoing' 

14 * nd other obdects. and advantages are- accompli shed with and by using- 

15 a catalyst prepared by combining at least two components, the first 

16 of which is a soluble, bis(cyclopentad1enyl)-subst1tuted Group IV-B 
17;, metal compound containing at least one ligand which will combine 
W : with a Lewis pr Brons ted acid thereby yielding a Group IV-B metal 

cation and the second of which compounds comprises a cation capable 
pf donating a proton and reacting irreversibly with said ligand in 
said Group IV-B metal compound to liberate a free, neutral 
by-Product and a compatible noncoordinating anion comprising, a 

23 plurality of boron atoms, which compatible noncoordinating anion is 

24 stable, bulky and labile. The soluble Group IV-B metal compound 
[wii be capable of forming a cation formally. haying a coordination 
^number of 3 and a valence of +4 when said ligand is liberated 
therefrom. The anion of the second compound must be capable of 
stabilizing the Group IV-B metal cation complex without interfering 
with the Group iV-B metal cation's or Its decomposition product's - 
ability to function, as. a catalyst and must be sufficiently labile 

- to permit displacement by an olefin, a di olefin or an 
32 acetylenically unsaturated monomer during polymerization. For 
example, Bochmann and Wilson have reported (J. Chem. Soc, Chera 
Comm., 1986, pp. 1610-1611) that bis(cyclopentadienyl)-t1tanium 
dimethyl reacts with tetrafluorobpric acid to form bis (cyclo- 
; 36 : .p?ntad1enyl) titanium methyl tetrafluorobdrate. The anion is, 
3 • however^ i nsuf f ici ent ly labile to be displaced by ethylene. 
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-. DETAILED DESCRIPTION OF THE INVENTION 
.; 2: As Indicated supra, -the present -.invention relates tcr .*\ 

i - . catalysts, to a method. for preparing such catalysts, to a method- of 

• A usiJig such catalysts and to polymeric products produced. with such^ 
S catalyses. The catalysts are particularly useful in the . 

• 6 ; polymerization of a-olefins, dlbleflns and acetyl enically 
: : 7 unsaturated monomers," The improved catalysts are prepared by 

8 combining at least one first compound which Is a blsCcyclo^- 

9 • pentadlenyi) ;;der1vat1 ve of a metal of Group IV-B of the Periodic 

• 10 jable'of' the. Elements capable of forming a,cation formally having i 
; U .; "coordination number of 3 and a valence of +4. and at least one 

12 second compound comprising a cation, capable of donating a proton 

13 and a compatible noncoordinatlng anion .comprising a plurality of ' 

14 boron atoms, which anion is both bulky and labile, and capable of 

15 stabilizing the Group IV-B metal cation without interfering with 

16 said Group IV-B metal cation's or Its decomposition product's 

; 17 ability to polymerize a-olefihs/ dl olefins and/or acetyl enically 
,18 " unsaturated monomers. 

.19 v All reference to the Periodic Table of the Elements herein. 

-20 shall refer to the Periodic Table of the Elements \ as published and 

21 copyrighted by CRG Press, Inc., 1984. Also, any reference to a 

22 Group or Groups of such Periodic Table of the Elements shall be to 
. 23 the Group or Groups as reflected in this Periodic Table of the 

y 24> . Elements.. : 
25. As used herein, the recitation "compatible noncoordinatlng 

26 anion" means an anion which either does not coordinate to said 

. 27 . cation or which Is only weakly coordinated to said cation thereby " 

•>28 refining sufficiently .labile to be displaced by a neutral Lewis 

29 baseo The recitation "compatible noncoordinatlng anion" 

30 specifically refers to an anion which when functioning as a 

31 stabilizing anion in the catalyst system of this invention does not 

32 transfer an anionic substituent or fragment thereof to said cation 

33 thereby forming a neutral four coordinate raetallocene and a neutral 
34. : boron by-product. Compatible anions are- those which are not 

35'- degraded to neutrality when. the initially formed complex decomposes.- 
;'. -36 ' , i . ^Jne Group IV-B metal compounds, and. particularly titanium, 

;-37 - zirconium and hafnium compounds, useful as first compounds In the 
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1 improved catalyst of this invention are bis(eyclopentadiehyl) 

2 derivatives of titanium, zirconium and hafnium. In general, useful 

3 titanium, zirconium, and hafnium compounds may be represented by the 

4 following general formulae: 

■ ': : - vV"- K . <A T Cp)MXiX 2 ; " * - 

7 3. (A-Cp)Ml 

* uk M 4 ' (Cp 4 KCpfix, 

9 Wherein; 

10 • , H U a metal selected from the Group consisting of 

11 : titanium (Ti) ^zirconium (ZD and hafnium (Hf); (A^Cp) is 

12 either (CpMCp ) or Cp-A'-Cp* and Cp and Cp* are the 

13 same or different substituted or unsubstituted cyclo- 

14 pentadlenyl radicals, wherein A» is a covalent bridging 

15 group containing a Group IV-A element; L is an olefin. 
\ l * • ^^n/or aryne. ligand; Xj and X 2 are, 

■;; ;17 ; : Independently , selected from, the Group consisting of 

18 hydride radicals, hydrocarbyl radicals having from 1 to 

19 about 20 carbon atoms, substituted-hydrocarbyl radicals, 

20 wherein I or more of the hydrogen atoms are replaced with 
? r a halogen atom, having from l to about 20 carbon atoms, 

22 organo-metalloid radicals comprising a Group IV-A element 

23 wherein each of the hydrocarbyl substituents contained in 
2 * the organo portion of said organo-metalloid. 

25 independently, contain from 1 to about 20 carbon atoms and 

26 the like; Xij and X* 2 are joined and bound to the 

27 metal atom to form a metallacycle. in which the metal, 
; : ; >>". v ;:■ > n(l x? 2 f?™ a hydrpcarbocydic ring containing 

: ^ is a 

30 substituent, preferably a hydrocarbyl substituent, having 

?\ fron 1 to about 20 carbon atoms, on one of the 

32 ,' cyclopentadienyl radicals which is also bound to the metal 
..■•'33..; '^.atgi^'O;;': .'■.'"■>.■;;.'.-.■■»'• 

34 lath carbon atom in the cyclopentadienyl radical maybe, 

35 independently, unsubstituted or substituted with the same or a 

36 different radical selected from the Group consisting of hydrocarbyl . 

37 radicals, substituted-hydrocarbyl radicals wherein one or more 
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'■;■}■ ■: hydrdgeri Vatpms. is replaced by a halogen atom, hydrocarbyi- .. . 

2 substituted metalloid radicals wherein the metalloid Is selected 

3 < from Group .IV r A of the Periodic Table of the Elements, halogen 
* radicals and the like. Suitable hydrocarbyl and substituted- 
5 hydrocarbyl radicals which may be substituted for at least one 

: %: In the cyclbpentadienyj radical will contain from 1 
7 to about 20 carbon atoms andvihclude straight and branched alkyl 
•8. ■ radicals, cyclic hydrocarbon radicals, alkyl-substltuted cyclic 
9 hydrocarbon radicals, aromatic radicals and alkyl-substituted 
.10 aromatic radicals. Similarly, and when X 1 and/or Is a 

11 hydrocarbyl or substUuted-hydrocarbyl radical , each, may, 

12 independently, xontain from V to about 20 carbon atoms and be a 

: 13 .^ straight of. branched alkyl radicai; a cyclic hydrocarbyl radical, : 

" 14 * an,^J^1^s jibst'V(uted=. eye i f c : = hydrocarbyl radical . an aromatic 

15 radical or an alkyl-substltuted, aromatic radical. Suitable 

16 organo-metalloid radicals Include mono-, di- and tri substituted 

17 organo-metalloid radicals of Group IV-A elements wherein each of 
IB the hydrocarbyl Groups contains from 1 to about 20 carbon atoms. 

19 Suitable organo-metalloid radicals ioclude trimethylsilyl.tri- 

20 ethylsilyl, ethyidimethylsllyl , methyldlethylsllyl, triphenyl- 

21 germyl, trlmethylgermyl and the like. 

22 Illustrative, but not limiting examples of bis (eye 1o- 

23 pentadienyDzirconium compounds which may be used In the 

24 preparation of the improved catalyst of this Invention are 

25 dihydrocarbyl-substituted b1s(cyciopentad1enyl)zireon1um compounds 

26 such as b1s(cyclopentadienyl)z1reonium dimethyl, 

27 bis(eyclopentadienyl)z1rconium diethyl , bis(cyclopentadienyl) 

28 zirconium dlpropyl, bis(cycTopentad1enyl)z1rconium dibutyl, 

2? bisCcyclppentadienyDzircon um di phenyl , bis(cyclopentadienyl) 

30 jirconium dineppentyl, bis(cyclopentad1eny1)zirconium d1(m-toly1>. 

31 b1s(cyctopentad1eny1)zlrconium dl(p-tolyl) and the like; 

.32 (mohohydrocarbyl-substituted cyclqpentadienyDzlrconium compounds 

; ?3 such ai . (methylcyc and 

'34 .blsimethyUy (ethylcyclo- 

. 35 pentadienyVHcyclopentadienyT) and bis( ethyl cyclopentadienyl) 

36 zirconium dimethyl, (propylcyclopentadlenyl) (cyclopentadienyl) and 

37 b1s(propy1cyclopentadiehyl)z1rconium dimethyl, (n-butylcydo- 
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V N;P' en |ad! ehyl Kcyclopen tadtenyl), and bU(n-buty) cyclopentadi enyl ) 

* 2 zirconium diethyl. (Nbuty1cyc)opentadieny1)(cyclop^ntadieny]) and 

3 bis(t^buty1cydopentadl enyl )2irconi urn dimethyl , ( cycl ohexyl methyl - 

4 :. : cyclopen^ 

. 5 /.pm^U^Wl )z1rc^1im 4(MtHyl : i'- Xben^lOclopenUdlpiiyn; 
6 (cyclopentadi enyl) and b1s(ben2ylcydopentadienyl)2ifconium 
; - v < di phehy j me thy 1 cycl op ^ntadl Viiyl KcycTopenttdf enyl ) . and 
3 , bis(diphenyloethylcyc)c^entadienyT)z1rcon1uin dimethyl. 
9 (nethylcyd opentadi enyW and b1s(oethyl cyclo- 
id pentadi enyl )zi rconi urn dihydrlde, (ethyl cyclopenta di enyl ) 

11 (cyclopentadi enyl) and bis(ethylcyclopentadienyi>zircon1unj 

12 dihydrlde, <propylcyclopentad1enyl)(cyciqpentadienyl) and 

13 bis(propylcyclopentad1enyl)z1rconium dihydrlde^ (n-butylcydo- 

14 pentadlenylHcyclopentadienyl) and blsCn^butylcyclopentadienyl) 

15 zirconium dihydrlde, (t-butylcytlopentadiehyl)(cycVopentadienyl) 

16 and bl5(t.butylc>clopentadlenyl)zircon1um dihydride, 

17 (cyclohexylmethykyclopentad1ehyl)(cyclopen^ and 

18 bis(cyclohexy1oethylcyclopentadienyl)zirconium dihydride, 

19 (benzylcyclopentadienyD(cyclopehtadienyl) and bis(benzyl- 

20 cyclopentadienyl)zirconiun dihydrlde. (diphenylmethylcydo- 

21 . pentadi enyl ) (cyclopentadi enyl) and b1s(diphehylmethykydopenta- 

22 di enyl )zt rconi um dihydrlde and the like; (pplyhydrocarbyl- 

23 substituted-cyclppentad1eny))zircon1un) compounds such as 

24 (dimethyl cyclopentadi enyl ) (cyclopentadi enyl ) and bi s (dimethyl cycl o- 

25 pentadi enyl )zi rconi um dimethyl , (trimethyl cycl opentadi enyl) 

26 (cydopentadienyl) and bi s ( trimethyl cyclopentadi enyl )zi rconi urn 

27 dimethyl, (tetramethyl cyclopentadi enyl) (cyclopentadi enyl) arid 

28 bls(tetramethylcyclopentad1eny1)z1rcon1ira dimethyl , 

29 (pennethylcy^ and bis(peri»ethyl- 

30 cycl open tadl enyl )z1 rconi um dimethyl , ( ethyl tetramethyl cydbpenta- 

31 dienyl)(cydppentadienyl) and i)ls(ethyltetramethylcydopentadienyl) • 

32 zirconium dimethyl, (1nderiy1)(cyclopentadienyl) and bis(indenyl) 

33 zirconium dimethyl, (dimethyl cyclopentadi enyl Kcyclopentadi enyl ) 

34 and bis (dimethyl cycl opentadi enyl )zi rconi urn dihydrlde, 

35 (tr1methylcyc1opentad1enyl)(cydopentadienyl) and bis(trimethy)- 

36 cycl opentadi enyl )z.i rconi urn di hydride, ( tetramethyl eye lope nta- 

37 dienyl) (cyclopentadienyl). and bis (tetramethyl eye 1o- 
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1 pentad1eny!)2lrconiura dihydride, (peraethylcyclbpentadienyl) 

2 (cyclopentadleny]) and bi$(pennethylcycioperitadieny])2ircon1um 

3 dihydride, '(ethylte^ 

4 bis(ethyltetrwethyU^^ dihydride, 

and 

/ 6 the like; (metal hydrocarbyl-substituted cycJopentadienyl)zircdnium 

7 compounds such as ( tri methyl si ly 1 eye 1 open tadl enyl ) (cyclopenta- 

8 dlenyl) and bisCtriiDethylsnylcyclopentadienyDzlreoniuih dimethyl, 

9 < trlinethyt gennyl cycl ppentadl enyl ) ( eye 1 opehtadl enyl > and bisttri- 

10 roethy1gerniyicye1opehtad1eny1)zlrcon1uni dimethyl. (trimethyl- 

11 stannylcyclopentadl enyl )(cyclopentad1 enyl) and 

12 bis(tr1methy!stannylcyclopentadienyl)zircon1um dimethyl, 

13 (trlmethylplumbylcyclopentadlenylXcyclopentadlenyl) and , 
K bis(tr1methylplumt>ylcycibpentad1enyl)2lrcon1wD dimethyl, 
15 (trimethylsilylcyclopen^ . 

' : 16 • b1s(tr1m6thyls1lVlcyclop^ dihydride, 

18 > b1s(trimethylgermylcyclopentad1enyl)2lrcon1uiii dihydride, 

19 / (tr1methylstannyVcyclbpentad1enyl)(cyclbpentad1enyl) and 

20 b1s(tr1methylstannylcyclopehtadienyl)z1rconiuro dihydride, 

21 <tr1methylp1umbylcyc1openta^ and 

22 b1s(trimethylplumbylcyclopentadienyUz1rconiura dihydride and the 

23 like; <halogen-substituted-eyclbpentadieneyl)2lrconiuni compounds 

24 such as (trifluoromethylcyclopentadienylXcyclopentadienyl) and 

25 bl s ( tri f 1 uorome thy ) eye 1 open tadl enyl) zirconium dimethyl, 
. 26 (tr1fluoromethy1cyclopentad1enyl)(cyc1opentadienyl) and 

27 b1s(tr1f1uoromethylcyclopentad1enyl)zirconium dihydride and the 

28 like, silyl-substltuted b1s(cyc1opentadi enyl )z1rconiunj compounds 

29 such as bis(cyclopentad1enyl)(tr1methyls1ly1)(methyl)zircpniura, 

30 bl sCcyelcpentadl enyl ) (tri phenyl si lyi Xmethyl )z1 rconl 

31 bl sCcyclopentadienyl )[tri sXdimethylsi lyDsi lylKmethyl )zirconiura. 

32 b1s(cyclppentad1enyl)tbis(roes1tyl)sily1](methyl)2lrcon1um^ 

33 bf sCcyclopentadl eny f ) (ttr)nethylsi ly I ) (trimethyl s ! Tylmethyl Jzl rconf um. 

34 bis(cyclopentad1enyl)(tnmethy)s11y1)(benzyl) and the like; 

35 (bridged-cycloperitadienyDzirconiuo compounds such as methylene 

36 bis(cyciopentadienyl)?1rcbn1um dimethyl, ethylene 

37 b1s(cyclopehtad1enyl)zircon1uD dimethyl, dimethylsllyl 
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2 lenyl Wrconlum dVhydride, ethylene b1s(cyclopentad1enyl)zirconiuin 

3 .dlhydrlde and dimethyl si lyl bl s (tyclopentadi enyl )zi rcohlum 

4 dlhydrlde and the like; zlrconacycles such as bisCpentamethylcydb- 
: 5- peptadienyl) zlrconacydobutane, bls(pentamethylcydopentadlenyl) 

6 zlrconacydopentane, b1s(cyclopentadienyi)z1rconaindane and the 

7 like; olefin, dlolefln and aryne Hgand substituted bts(cydop-' 
" 8 entadrenyl)zlrconlum compounds such as bi s(cyd open tadi enyl) 

9 (V.3-butad1ene)zfrcon1um* b1s(cycl6pentad1enyl) (2,3-dlmethyl-l,3- 

10 butad1ene)2lrcon1uiD f b1s(pentamethylcyclopentad1enyT)(benzyhe) 
}\ zirconium and the like; (hydrocarbyD(hydride) b1s(cyciopenta- 

12 d1eny1)zirconium compounds such as b1s(pentamethy1cydopenta- 

13 d1 enyl )z1rconiura. (phenyl ) (hydride),. b1s(pentamethy1cydqpenta- 
.14 dlenyDzlrconiuia (methyl) (hydride) and the like; and bis(cydo- 

15 pentadienyl )z1rcon1um compounds In which a substUueht on the 

16 cyclopentadienyl radical Is bound to the metal such as 
• 17 (pentamethylcydopentadlenyiHtetr^ 

18 zirconium hydride, (pentamethyicyclopentadi enyl) (tetramethylcyclo- 

19 pentadlenylcnethylene) zirconium phenyl and the like. 

20 A similar.. list. of Illustrative bls(cycioperitadlenyl) 

21 hafnium and bis (cyclopentadienyl) titan! urn compounds could be made, 

22 .but since the lists would be nearly identical to that already 

23 presented with respect to b1s<cyc1opentad1enynzircon1um compounds. 

24 such lists are not deemed essential to a complete disclosure 

25 Those skilled 1n the art, however, are. aware that b1s(cydo- 

26 pentadi enyl )h^fnium compounds and bis(cyclopentadienyl) titanium 

27 compounds corresponding to certain of the bis(cyclopentadi enyl) 

28 zirconium compounds listed supra are not known. The lists would, 

29 therefore, be reduced by these compounds. Other bis (cydopenta- 

30 di enyl) hafnium compounds a*d other bis{cydopentadienyi)t1tan1um 

31 compounds as well as other b1s(cydopentad1eny1)z1rcon1um compounds 

32 which are useful in the catalyst compositions of this Invention 

33 will, of course, be apparent to those skilled In the art. 

34 Compounds useful as a second component In the preparation 

35 of the catalyst of this invention will comprise a cation, which is 

36 a Brbnsted add capable -of . donating a proton, and a compatible - 
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1 > anion containing a plurality of boron atoms, which anion 1s 

2 ■: relatively large, capable of stabilizing the active catalyst 

3 . species which Is formed when the two compounds are combined and 

4 said anion will be sufficiently labile to be displaced by olefinic, 

5 dlolefihic and acetyl enl call y unsaturated substrates or other 

6 neutral Lewis bases such as ethers, nitril.es and .the like. In 

7 general, a second compound useful in the preparation of the 

8 catalysts of this invention may be any compound represented by one 

9 of the following general formulae: 

.10 5, tL^HH(a) i (BX 4 ) !D X ,, b ] c " 

■ -\-\l : \' : r ■■' Nher*1n:\;^ : <: '/; : ' j "'■ , 

12 L'-H Is either H + , ammonium or a substituted ammonlua- 

13 cation having up to 3 hydrogen atoms replaced with a 

14 hydrocarbyl radical containing from 1 to about 20 carbon 

15 atoms or a substltuted-hydrocarbyl radical, wherein one or 

16 more of the hydrogen atoms Is replaced by a halogen atom, 

17 containing from 1 to about 20 carbon atoms, phosphonium 

18 radicals-, substltuted-phosphohium radicals having up "to 3 

19 hydrogen atoms replaced with a hydrocarbyl radical 

20 containing from 1 to about 20 carbon atoms or a 

.21 substituted-hydrocarbyl radical, wherein 1 or more of the 

22 hydrogen atoms is replaced by a halogen atom, containing 

23 from 1 to about 20 carbon atoms and the like: B and C are, 

24 respectively, boron and carbon; X, X 1 and X* 1 are radicals 

25 selected, independently, from the Group consisting of 

26 hydride radicals, halide radicals, hydrocarbyl radicals 

27 containing from 1 to about 20 carbon atoms; 

28 substituted-hydrocarbyl radicals, wherein one or more of 

29 the hydrogen atoms is replaced by a halogen atom, 

30 containing from V to about 20 carbon atoms ; organo- 

31 metalloid radicals wherein each hydrocarbyl substitution 

32 in the organo portion contains from 1 to about 20 carbon 

33 o atoms and said metal Is selected from Group IV-A of the 

34 . Periodic Table of the Elements and the like; a and b are 
3$ integers > 0; c is in integer > 1; a ♦ * * c> an 

36 even-numbered Integer from 2 to: about 8; and m is an 

37 Integer ranging from 5 to about 22. 
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1' 6. tl^WtttCO^)^ (BX 4 ) m , (X^J^^M 0 *]^ 

2 Wherein: 

3 L r -H is either H + , ammonium or a substituted ammonium 
\ ; radical having up to 3 hydrogen atoms replaced with a 

5 hydrocarbyl radical containing from 1 to about 20 carbon 

: 6 atoms dr a subs tltuted-hydrocarbyl radical. Wherein 1 or 

7 more of the hydrogen atoms is replaced by a halogen atom, ' 

?K containing from 1 to about 20 carbon atoms r a phosphonium. 

9 radical i a . subs tituted-phosphonium radical having up to 1 

10 hydrogen atoms replaced with a hydrocarbyl radical 

11 containing from 1 to. about 20 carbon atoms or a 

12 substltuted-hydrocarbyl radical, wherein 1 or more of the 

13 hydrogen atoms is replaced by a halogen atom, containing 
W from 1 to about 20 carbon atoms and the like; 8, C, M and 
1* H are, respectively, boron; carbon, a transition metal and 
15 hydrogen; X 4 , and X $ are radicals selected, 

I' 6 Independently, from the Group consisting of hydride 

1 7 radicals, halide" radicals, hydrocarbyl radicals containing 

18 from 1 to about 20 carbon atoms i substltuted-hydrocarbyl 

19 radicals, wherein tine or more of the hydrogen atoms is 

20 replaced by a halogen atom, containing from ,1 to about 20 
?1 carbon atoms, organo-metalloid radicals wherein each 

22 hydrocarbyl substitution 1n the organo portion or said 

23 organo-metalloid contains from 1 to about 20 carbon atoms 
2 * ■ and said .metal -is selected from Group IV-A of the Periodic 
2 5 Table of the Elements and the like; a* and b' are the same 
2 $ or a different integer > 0; c 1 is an integer > 2; 

2 7 a' ♦ b' + c* - an even-numbered integer from 4 to about 8; 

28 m 9 is an integer from 6 to about 12; n is an integer such 

29 that. 2c* - n o d; and d is an integer > 1. 

30 Illustrative, but not limiting, examples of the second 
.31 compounds which can be used as a second component in the catalyst 

32 compositions of this invention are ammonium salts such as ammonium - 

33 1-carbadodecaborate (using Ircarbadodecaborate as an illustrative, 

34 but not limiting, counterioh for the ammonium, cations listed 

35 below): monohydrocarbyl-substituted ammonium salts such as 
36; methyl ammon! um 1-carbadodecaborate, ethylammonlum 1-carbadode- 



wo 88/05792 f • -' ;.; ^ " ■ " v ..-.;v- . ' p^/usgs/Mm. 

■ . l caborate, propyl affimonium l-carbadotfecaborate, Isopropylaranoniujii • 

2 1-carbadodecaborate, (h-butyl)arnmoniuiD 1-carbadodecaborate, 

3 anillnlum 1-carbadodecabbrate, and. (p-tolyl)annnoriium 

-4 - 1-carbadbdecaborate and the like; dihydrocarbyl-substUuted 
5 ammonium salts such as dloiethylamraonlyin l-carbadodecaborate, 
6^ diethyiammonlum Kcarbadodecaborate, dIpropyianinioniuiD 

7 1-carbadodecaborate, dli sopropylammonl iim 1-carbadodecaborate, 

8 d1(n-butyl)amnx>nium: 1-carbadbdecaborate, dlphenylammonluo 

.. g T-carbadodecaborate, dKp-tolyUammonlum 1-carbadodecaborate and 

10 the like; trihydrocarbyl-substituted ammonium salts such: as 

11 trlmethyl ammonium T-carbadodecaborate; tr1 ethyl ammonium 

12 1-carbadodecaborate, trlpropyianmoniun 1-carbadpdecaborate, 

13 trl(nrbutyl) ammonium 1-carbadodecaborate, tr1 phenyl ammoriluni 
-14- 1-carbadodecabprate, trHp-tolyl)ammonium 1-carbadodecaborate, 

15 N.N-dimethylanVllnVum 1-carbadodecaborate, N,N-diethyl anillnlum 
;i6 1-carbadodecaborate and the, like. 

17 Illustrative, but not limiting examples of second 

18 compounds corresponding to Formula 5 tusVng trf (n-butyl) ammonium as 

19 an illustrative, but not limiting, counterion for the anions 11 sted 

20 below] are salts of anions such as blsttri(n-butyl)ammonium) 

21 nonaborate, bisCtrHn-butyliammoniumldecaborate, 

22 bisCtrUrKbutyl)ammonlum]undecaborate, bis Etr1 (n-butyl) ammonium] 
. 23 dodecaborate, bisCtr1(n-butyl)ammon1um]decachlorodecaborate, 

24 t)is[tri(n-butyl)ammon1um3dodecachlorododecaborate, 

25 tr1(n-butyl)ammonium 1-carbadecaborate, trKn- butyl) ammonium 

26 1-carbaundecaborate, tri(n-butyl) ammonium. 1-carbadodecaborate, 

27 trKn-butyDammonlum l-tnroethyls1lyl-l-carbadecaborate, 

28 trKn-butyl)ammon1um dibrpno-1-carbadbdecaborate and the like; 

29 borane and carbprane complexes and salts of borane and carborane, 

30 anions such as decaborahe(l4), 7,8-d1carbaundecabbrane(l3), 

. 31 2,7-d1carbaundecaborane03), unde cahydr1do-7,8-d 1 me thy 1-7,8- 

32 dicarbaundecaborane, dodecahydr1db-lT-methyl-2,7-d1- 

33 carbaundecaborane, tri(n-butyl)ammori1um undecaborate<14). 

34 . tri(n-butyl)ammonlum 6-cafbadecaborate(i2), tri(n-butyT)ammon1um 

35 7-carbaundecaborateni3), tri (n-butyl )ammph1um 7,8-dicarbauhde- 

36 caborate(i2); trlCn-butyUanunonium 2 t 9-dicarbaundecaborate(12)^ 
.37. tr1.(n-butyl )aomonium dodecahydrrdo-?-methyl-7 ,9-dlcarbauride- 
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1 caborate; tr1(n-buty1Taiw>n1uii! undecahydrldo-8-ethyl- ... *. J . 

2 7,9-d1carbaundecaborate. tr1(n-butyl)&oon1um undecahydrldo- 

3 ^butyl-7.9-dlcarbaundecaborate. tri (n-butyl )aE»on1un 

4 undecahydrid<vfl-a11y1-7,9-d1tafba U Kdecaborate v trt(n-butyl>a«on1^ 

5 undecahydr1do-9-ttlBethy1silyT-7.8-<»caTbaundBcaborate, 

6 trUn-butyl)a B m 5 niumund e cahydr1do^,6-d1brooio-7-carbaund e caborate 

7 and the 11Ke; boranes and carboranes and salts of boranes and 

8 carboranes such as ^carbanbnaboraneU«, l ^Vcarbanona- 

9 borahedi). 6.9-dicarbadecaborane(l4), dodecahydrido-1- 

11 dicarbanonaborane. mt»o^^^i^ry^t^»^ « . 

12 borane and the like. % :.. 

: illustrative, but not Halting, examples of second 

14 compounds corresponding to Formula 5 [using tH<n-butyl)an™ as 

15 an 11 lustratl ve ; but ;net 1 1n.1]klWg.- cbunterloii vfor the,an1on S listed 

16 below] are salts of metal lacarborane and metal laborane anions such 

17 as tr1(n-butyl)an«iion1uin b1s(nonahydr1do-l.3-dlcarbanonaborato) 

18 cobaltate(lll), trUn-butyUamonluB b1s(undecahydr1do-7.8- 

19 d1caTbaundeeaborato)ferrate(III)V -WC»%V."i«*- b,s(un<!eca ' 

20 hydr1do-7.8-d1carbauVdecaboratb)cqbaltate(HI). trl(n-butyl) , 

2! ammonium b1i(undecahydr1do^7.8-dicarbaundecaborato) nickel ate(III). 

22 tr1 (n-botyl >ammon1 urn b1 s(undecahydr1do-7 .B-dl carbaundecaborato) : 

23 cuprate(lll). trlCn-butyllamaohlum b1s(undecahydrtdo-7.&-d1car- 

24 0 a U ndecaboratb3aurate(in). itrlJH^?^?* 1 ? (,,0, ^.^>' 

25 7 :M1methyl-7.8-dicarbaundecabpTatt)-ferrate(IlI) . trl (n-butyl) 

26 arawnlum bis«ydriu*7^ ■ 

27 chrooateUII). tr1 (n-butyl) ammonium blsUrlbromooctahydrldo* 
; 28 7.8-dlcarbaundecabofatb)cobaltate(III). trt(n-butyl)amn»nium 

29 bis(dodecahydr1dodlcafbadodecaborato)cobaltate(ni). 

30 b1sttr1(n-buty1)aBiK)h1UBl bls(dodecahydrldodecaborato) , 

31 nUMlate(II). tr1s[M(n-buty1)ammon1uml blsfcindecahydrldo-7- 

32 carbaundecaborato)chrcmatem 

; 33 . bW(undecahydr1dc^carbaundecabo ; . 

34 WsJtriinW^^ K: 

35 cobaltattdll). .Trtrftri^^lJi^l^W^^vi; <' 
• . 36 • C arbaundecabofatd)n1ckeUte(M "'J^V 

37 representative phdsphonium compounds could be recited as 
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1 Illustrative second compounds, but for the sake of brevity, ft Is 

2 . simply, noted' that: the phosphonlum and substituted^ 
correspond* ng. to the- listed • aranoni uro and . subs ti tuted-awiil um sal ts 
could be used. as. second compounds. In. the- presenf invention; ; 

. In general, and while most first components Identified 

6 above may be combined with most second components Identified above 

7 to produce an active olefin polymerization catalyst* It 1s / 

8 important to continued polymerization operations that either the 

9 initially formed metal cation or a decomposition .product thereof .be 

10 a relatively stable olefin : polymerization catalyst. It Is also 

11 important - that the anion of the \«cond compound ;be stable -.to'/- 

12 hydrolysis when an ammonium salt Is used. Further, it Is Important 

13 that the acidity of the second component be sufficient, relative to 

14 the first, to facilitate the needed proton transfer. Conversely, 

15 the basicity of the metal complex must also be sufficient to 

16 facilitate the needed proton transfer. Certain metal locene 

17 compounds-using bis(pentamethylcyclopentadienyl)hafn1 urn: dimethyl 

18 as an Illustrative, but not limiting example— are resistant to 

19 reaction with all; but they. strongest Bronsted acids and. thus are not 

20 suitable as first components to form the catalysts described 

21 herein, In general. bis(cydopentad1enyl.)raet*l compounds which can 

22 be hydrolyzed by aqueous solutions can be considered suitable as 

23 first components to form the catalysts described herein.. 

24 Hith respect to the combination of the desired cation and 

25 the stabilizing anion to form an active catalyst of the present 

26 Invention, it should be noted that the two compounds combined for 
21. preparation of the active catalyst ;must be selected so as to ensure 
.28 di splacemeht of the! anion, by ^nbmeir or another he^ v . 

29 base, This could be done by steric hindrance, resulting from 

30 substitutions on the cydopentadienyl carbon atoms as well, as from 

31 substitutions on the anion itself. The use of perhydrocarbyl- 

32 substituted cydopentadienyl metal compounds and/or bulky second 

33 components does not generally prevent the desired combination and, 

34 in fact, generally yields more labile anions, It follows, then. • 

35 that metal compounds ( f 1 rst components) compri sing perhydrocarbyl- 

36 substituted cydopentadienyl radicals could be effectively used ; 

37 with a wider range of second, compounds than could, metal compounds 
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1 (first components) comprising unsubstituted cyclopentadienyl 

2 radicals. In fact, first compounds. comprising /perhydfbcarbylr;. : 

3 substituted cyclopentadienyl. radicals would, generally, be - 

4 effective when used in combination with second components having 

5 both larger and smaller anions. As the amount and size of the 

6 substitutions on the cyclopentadienyl radicals are reduced. 

7 however, more effective catalysts are obtained with second 

8 compounds containing larger anions, such as those encompassed by 

9 Equation 6 above and those having larger m values in Equation 5, 

10 In these cases, it Is further preferable that. in -usih^ 

11 compounds; which" are encompassed by : Equation '5, a ♦..b/ixS.iV:.v 

12 Second compounds in which a t b + c - even-numbered Integers of 4 

13 or more have acidic B-H-B moieties which can react further with the 

14 metal cation formed, leading to catalytically inactive compounds. 

15 In general, the catalyst can be prepared by combining the 

16 two components in a suitable solvent at 'a temperature within the 

17 range frpra about -100 # C to about 30CTC. The catalyst may be used 

18 to polymerize a-oleflns and acetylenlcally unsaturated monomers 

19 having from two to about eighteen carbon atoms arid diolefins having 

20 from four to about eighteen carbon atoms either alone or in 

21 combination. The catalyst may also be used to polymerize 

22 a-oleflns, diolefins and/or acetylenlcally unsaturated monomers 

23 in combination with other unsaturated monomers. In general, the 

24 polymerization will be accomplished at conditions well known in the 

25 prior art for the polymerization of monomers of this type. It 

26 wU 1 , of course, be appreciated that the catalyst system will form 

27 in situ if the components therebf are added directly; to the ■ ; . 

28 polymerization process and a suitable solvent or diluent is used in 
29. said polymerization procesSo It is, however, preferred, to form 

30 the catalyst in a separate step prior to adding the same to the 

31 polymerization step. While the catalysts dp not contain pyrbphoric 

32 species, the catalyst components are sensitive to both moisture and 

33 oxygen and should be handled and transferred in an Inert atmosphere. 
.34 nuch as nitrogen, argon or hellom. 

35 As indicated supra, the Improved catalyst of the present 

36 Invention; will , .general 1y</ be prepared in a sui table solvent, or 

37 diluent. Suitable solvents of diluents Include any of the solvents 
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1 known in the prior art to be useful as solvents in the : 

2 polymerization of olefins*; . Suitable solvents,: then, include,: but*:.. 

3 are not necessarily limited to; straight and branched-chain 

4 hydrocarbons such as isobutane} butane, pentane/.hexane; heptane', 

5 octane and the like, cyclic and alicycllc hydrocarbons such as 

6 . cyclohexane, cycloheptane, methylc^clohexane; roethyicycloheptane ; . 

7 and the like and aromatic and alky 1 substituted aromatic compounds 

8 such as benzene; toluene, xylene and the like. Suitable solvents 

9 . also include basic solvents not heretofore useful as polymerization 

10 solvents when conventional ZieglerrNatta type polymerization 1 ~ 

11 catalysts are used such as chlorobenzene, dlchlorome thane and 

12 propyl chloride. • "\ v 

13 . While the inventors do not Wish to be. bound by ■ any : ' ^ : V". . 

14 particular: theory^ it Is. believed that when the two compound^ 

15 to prepare the Improved catalysts of the present Invention are 

16 combined in a suitable solvent or diluent, all or a part of the 

17 cation of the second compound (the proton) combines with one of the 
38 substituents on the metal-containing <first) component. In the . 

19 case where the first component has a formula corresponding to that 

20 of general formula 1 supra \ a neutral compound is liberated which 

21 either remains in solution or is liberated as a gas. In this 

22 regard, it should be noted that if the cation of the second 

23 compound Is a proton and either X| or in the metal 

24 containing (first) compound Is a hydride, hydrogen gas may be 

25 liberated. Similarly, if the cation of the second compound, is a 

26 proton and either Xj or X^ is a methyl radical, methane may be 

27 liberated as a gas. In the cases where the first component has a 

28 formula corresponding to those of general formulae 2, 3 or 4, one 

29 of the substituents on the metal-containing (first) component is 
. 30 protonated but, In general, no substituent is liberated from the 

31 metal. It ; is preferred that the ratio of metal containing (first) 

32 component to second component cations be about in or greater. The 

33 : conjugate base of the! cation; of the second, compound, If; such a . '.. : :.'} \y- : ; 
'34 \" portion does remain, iwlli be a. .neutral compound which i Will: remain;^ v •;' ;V' : ^-{: 

35 in solution or complex with the metal cation formed, .though, in 

36 general i a cation is chosen such that any binding of the neutral 

37 conjugate base to the. metal cation will be weak or nonexistent. 
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1 Thus, as the steric bulk of this conjugated l)is6 increases, it ;\ 

2 : ■ will; simply, remain in solution without Interfering with the: v- : V 

3 active catalyst. For example, \f the. cation of the second cpmptourid V' 

4 1s an ammonium ion, this ion will liberate a ^fA^M^^io 0 *V mJ - : -- 

5 may then react as in the.case when, the hydrogen itoin waf the: cation^.. 

6 to form gaseous hydrogen, methane or the like. ari$ the conjugate; . • 
77.. base of the cation will be ammonia. . In like fashi^ 

8, of the second compound.were a hydrocarbyi-substltuted ainmonjum Ion \- 

9: containing at least one hydrogen; atom, as- is essential to the; .y 

10' present invention; the .hydrogen! atom would be given, up. to react >n ; : 

11 the same fashion as when hydrogen were the cation and the conjugate : 

12 base of the cation would be an amine. Further, if the cation of 

13 the second compound were a hydrocarbyl-substituted phosphonlura ion 

14 containing at least one proton, as is essential to the present 

15 invention, thexonjugate base of the cation would be- phosphjne.; : 
. 16 While still hot wishing to be bound by any particular : 

17 ? theory, it is also believed that when the metal containing (first) . 

18 component has reacted with -the second component, the; nori- . \ J\ 

19 coordinating anion originally contained in the second compound used 

20 in the catalyst .preparation combines with and stabilizes either the 

21 metal cation, formally having a coordination number of 3 and a +4- : ; 

22 valence, or a decomposition product thereof. The cation and anion 

23 will remain so combined until the catalyst is contacted with one or 

24 more olefins, diolefins and/or acetyl enically unsaturated monomers 

25 either alone or in combination with one or more other monomer As. . 

26 - indicated supra, the anion contained in the ..second compbund must.be. 
.. 27 sufficiently labile to permit rapid displacement by ^n .olefio, a ; . 

28 diolefin of an acetylenically unsaturated monomer to facilitate 

29 polymerisation. 

30 As indicated supra, most first compounds identified 

31 " -Will combine with most second compounds /identified^ 

32 ah active catalyst, particularly an active polymerization 

33 catalyst. The actual active catalyst species is not, however, 

34 always sufficiently stable as to permit its separation and 

35 subsequent identification. Moreover, and while many of the 

36 initial metal cations are relatively stable, it has become apparent 

37 -that the initially farmed metal, cation may decbropoSe yielding- ... 
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1 either an activcf polymerization catalyst species or a cahlytlcallyd', 

2 inactive species. Host decomposition products are, /however, 

3 catalytlcally active. While the inventors still dp nof wish >to be 
: 4 . bound by any particular theory, it is believed that the. active 

5 catalyst species which' have hot . been isolated, .. Including. active;. . 

6 idecomposltion products, are of the same type* as those which have- . / 

7 been isolated and fully characterized or at least retain the 

8. essential structure required for functioning as a catalyst such as. : > 

9 a reactive metal-carbon bond. ' *' _;. : ' . ' 

10 . While istlli hot iflshing to te bound !>Y any ^. V ^ 

11 theory and as indicated- supra. It is also believed that the extent 

12 and nature of the substitution on the cyclopentadlenyl ring 

13 dictates the size of the stabilizing anion needed to generate a 

14 particularly active olefin polymerization catalyst. In this 

15 regard, it is believed that as the number of substituents on the 

16 cyclopentadlenyl radical 1n the metallocene cation are decreased. 

17 from 5 to 0, a given anion will become increasingly less labile. : : . 

18 .. Thus, It is suggested that as the number of substituents on the : 

19 cydopentadienyl radical . In the oietaliocene cation.are reduced .from 
2d 5. to 0, larger or less reactive anions should be used to ensure 

21 lability and allow for the generation of a particularly active 

22 catalyst species. 

23 Consistent with the foregoing, stable, Isolable. 

24 characterizible olefin polymerization catalysts have been prepared 

25 when bis(pennethylcyclopentadienyl) zirconium dimethyl has been 
, 26 combined with and reacted With tri(n-butyl)ajiBnohium .': y 

: 27 . 7,iB-dicarbaundecaborate(12) or 7.8-dicarbauhdecabbra 

28 stable, isolablei olefin polymerization catalyst has. also been : ; 

29 prepared when b1s(ethyltetraDiethylcyclopehtad1enyl)z1rcon1un 

30 dimethyl has been combined with y.S-dtcarbaundecaboraneaS). In 

31 each of these cases, the stable polymerization catalyst was; 

„ 32 prepared by adding the: reactants into a suitable solvent or di luent 

33 at. a temperature within the range from about -1.00% to about . 

34 300*C. Based on this arid other information available to the 
: '3$- :: - inventors, it appears clear :that Isolable and characterlz.abie, 

"•^36 polymerization catalysts can also be prepared .wheii:;a ... 

37 bis(perhydrocarbyl-substltuted cyclopentadlenyl )roetal compound Is 
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. 1 combined with any one or more of the second compounds identified 

2 above. Also, active, but unisolated poiymerVzatlpn catalysts are 

3 , prepared When bis(cyclopentad1enyl)z1rconium compounds containing 

4 less than five hydrocarbyT-substitutions on each cyclopentadlenyl 

5 radical are reacted with a suitable second compound, within the ' 

6 . scope of the present invention,, containing a cation capable of - 

7 donating a proton and ah anion capable: of stabilizing the 

8 : metal locene cation. and sufficiently labile to be displaced by an 

9 olefin, a diolefln or an acetyl enlcally unsaturated monomer, during 

10 polymerization, particularly those . second compounds. having the. 
11. larger anions. 

12 The chemical reactions which occur may ;be represented by. 

.13. referiehce to the general formulae set: forth, herein as follows: 

14 A. (A-Cp)l^ 1 X 2+ [l < -H3*[B , ] r ^> [(A.Cp)KX|]%']%HX 2+ L» or * 

15 [(A-CpiHXj]* [B* ]"4HX^+L' 

16 B. (A-Cp)MX l 1 XytL , -H3 4 CB']" [(A^p)MX'^ or 

[(A^H^r^liB'r+LV 

18 : : C; <A-Cp)HUCL'-HrCBT — > C ( A-Cp ) M( LH j 3 * [ B 1 ] L 1 

19 D. (Cp)(RCp*)HX^[L , .H]*CBT ~> C(Cp)(HR.Cp*)HX | 3*[B , ]%L v or 
\ t CCp) ( R-Cp* ) A] *i B 1 3%hx 1 

21 In the foregoing reaction equations, the letters A^D 

22 corriesponcl to; the numbers 1-4, respectively ■ set forth 1n 
■tt- combination wtthVthe general equations for useful roetailocerie 

y . 24 . . compounds. BV represents, i compatible Ion corresponding to the 

. 25 general formulae outlined 1n formulae 5 and 6 above.. The reaction 
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1 of each of the four classes of metalloceries with N,N-dimetKyl- ; ." 
: 2 , aniHnlum. bi5(7,8^dicarbaundecaborato)cobal tate(III> has been - : " 

3 . examined by solution h NMR or 13 G NHR spectroscopy. In each 

4 . case, products conforming to those outlined; above were observed. ' 
-; 5 \ in general, the stable, Isolable catalysts formed by the 

■ ,. 6 ■-■ method of this Invention may be separated from the solvent- and ; - 

7 stored for subsequent, use. The unisolated catalysts, however,. 

8 . will, generally, be retained In solution until ultimately used in 
: 9 the polymerization of olefins. Alternatively, any of the. catalysts. 

l P\ . prepaid by the method of this invention may be retained in 

11- _ solution for subsequent use or used directly after preparation as: a 
.12 polymerization catalyst. Moreover, and as indicated supra, the, ' f 

13 : catalysts may be: prepared in situ by passing the separate 
* ,1.4:. components Into the polymerization vessel where the components will . 

15 be contacted and react to produce the improved catalyst of this 

16 invention. 

}l. In general, and as indicated supra, the improved catalyst 

18 .of this invention will polymerize olefins, dlol.efins and/or 
. 1? acetylenically unsaturated monomers either alone or in combination- 
: .20- with other olefins and/or other unsaturated monomers at conditions 

21 veil known lin the. prior art for conventional Ziegier-Natta 

22 catalysis. . In the polymerization process of this invention, the 
-23. molecular weight, appears to be a function of both catalyst 

24 concentration, polymerization temperature and polymerization 
.25; pressure: In general, the polymers produced with the. catalyst of 

26 this invention, when produced in an atmosphere free of hydrogen or 
other chain. terminating agents, will contain- terminal unsaturation. 

28 The poiymer products produced with the. catalyst of thisv -..' 

,2?. invention wVlli of course, be free of certain trace metals 

30 generally found in. polymers, produced. with 21 egler-Natta type 

3i; catalyst* such as aluminum, magnesium, chloride and. the like. The 
. 32 polymer products produced with the catalysts of this Invention 
.'33 .. should then have. a broader range of applications .than polymers . 

34 produced with more conventional Zlegler-Nattai type catalysts 

35- comprising a metal alkyl, such as an aluminum aikyl .. 
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; i PREFERRED EM BODIMENT OF TUF TNVPf iTTnij 

^In a. preferred embodiment of the present Invention. a'C ; 
■3' polymerization catalyst will be prepared by combining a 
A \ blsCcyclopentadUnyl) compound of one of the Group IV-B metals . 
5 most preferably a bisCcyclopentadlenyDzlrconiuni or 
6", . .b1s(cyclopentadienyl)hafn1uiD compound, containing No Independently 

substituted or unsubstituted cyclopentadlenyr radicals and two 
:8 lower alkyl substUuents or two hydrides with one of the following: . 
■ 9 . . A ^substituted ammonium salt of a borane or 

10 carborane anion satisfying the general formula: 
.X 1 ■;" 7. t(CH)- x (BH) bx ] cx ~ 

= 12; ' Wherein: * 

13 y c * and H are » respectively, boron, carbon and hydrogen; 

34 ax 1s e1ther 0 or 1; cx Is either 1 or 2; ax ♦ cx - 2; and 

15 ^x is an integer ranging from 10 to 12. 

16 • A tri substituted aroraonium salt of a borane or 

17 carborane anion or a neutral- borane or carborane compound 
• 18 satisfying. the general formula: 

;>*V- : 8 - C(CH) ay (BH) myV C ^ • 

.20 1 Wherein: 

B % C and H are, respectively, boron, carbon and hydrogen; 

22 ay is an integer from 0 to 2; by is an integer from 0 to 3; 

23 cy is an Integer from 0 to 3; ay ♦ by + cy « 4; and my is 

24 an integer from 9 to 18. 

.25 : <3). A trlstibstltuted ammonium salt of a metal laborane or 

26. metal.lacarborane anion satisfying the general fonnula: 

27 9. [[C(CH) a2 (BH) .H 6 .] c ^3 MZ nz *] d2 ^ 

28- therein: — 

— ' B ' C ' H am * MZ ar6, res P e ctive1y, boron, carbon, hydrogen., 

30 :; and a transition metal; az is an integer from .0 to 2; bz . 

31; . Is an integer from 0 to 2; cz is either 2 or 3; 

3? "2 ^ an integer from 9 to 11; az ♦ bz ♦ cz » 4; and nz 

33 .. and dz are, respectively, 2 & 2 or 3 4 1. 

34 £ach of tbe trisubstitutions in the ammonium cation will 

35 be the same or a different lower alkyl or aryl radical. By lower 

36 alkyl Is meant an alkyl radical. containing from one to fourcafbon 



! : .. >; ; T atoms in. a most preferred embodiment of the present. Invention ' 

j : <• ...wherein an anion represented by Formula 7 is used, 

I 

j •-■> . -. 4 with tri(n-butyl)amraoniura l-carbaundecaborate to produce i most ' 

! ;:/'•■: >:v. - 5 : : : m lrtfenBb'ti&)y$t r In a most preferred embodiment of the present 

1-..6-; ;. invent!^ 

j - 7 bis(pentamethylcyclopentad1eny1)2lrconlum dimethyl will be combined 1 

8 with 7 ,8-dicarbaundecaborane( 13) to produce a most preferred 

/ 9 catalyst. In a most preferred embodiment of the present Invention 

.:>.^ 

:'.''.!}. 12- i . cqmbl ried * with M ;Nrd1 me thyl ani 1 i n1 urn bl s (7 , 8-di carbaundecabdrato) ' • . 

y;y ; . i3. cobailtate(Ili) : to produce a niost preferred catalyst. Ina.\ .-'*.' 
•* 14;./ preferred embodiment of this invention,. the two components used to 

V • 15; prepare the catalyst will be. combined at a temperature within the 

_ ...16 . rangeyfrbm about 0*C to about 100 # C. The components will be 

.17 cpmbihed, preferably, in an aromatic. hydrocarbon solvent, most 

18 preferably toluene. Nominal holding times within the range from 
........ 19 . about 10/seconds to about :60 minutes will be sufficient to produce 

20 both the preferred and most preferred catalysts of this invention. 

21 In a preferred and most preferred embodiment of this 

22 invention, the catalyst, immediately after formation, will be used 
.23 to polymerize one or more lower a-olefins, particularly ethylene 

24 and propylene, most preferably ethylene, at a temperature within 

25 the range from about 0 # C to about 100'C and at a pressure within 

26 the range from about 15 to about 500 psig. The monomers will be 

27 maintained at polymerization conditions for a nominal holding time- 

28 within the range from about 1 to about 60 minutes and the catalyst 

29 will be used at a concentration within the range of about 10~ 5 to 
, 30 about 10" 1 moles per liter of solvent or diluent. 

'j.^V^V. : 3 ^ . '•'•*. - - Haying thus broadly described the present invention and V.-.. . 

^■':V''*:v■V•^:"■■^^ " 3 ? preferred -a:rid md^ thereof, it Is believed . . 

i T; : \ : -33:' ' : that.the s^e- will become even more apparent by reference to the 

. 34 ; .following ex amp Tes: it will. be. appreciated, however, that the • 

-"J/.V;.;; ■ 35 examples .are ..presented solely for purposes of illustration and / f 

36 should not be construed as limiting the invention. In the examples 

37 wherein an active catalyst was isolated and identified, the 
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I. :Wiysi5:Va5 b$ solid-state 13 C NHR spectroscopy and solution 
2 :?H NMR spectroscopy. ■ 

• : ;-3 EXAMPLE f 

4 . ' ■ " _ . ^ V ^^P^ e V *n act 1 ve ol ef 1 p. pdl yae r i zati on c at a 1 y s t 
; 5 was.prepared and Isolated by combining 1.0 g of bisCpentamethyU 
.6 cyclopentadienyl)2lrcbniuiD dimethyl 1n 50 ml toluene and then 
7 adding 0.82 g of .triCn-butyDaininonium 7,8-dicarbaundecaborate<12). 

: • 8 : . the -BiMrf : m;/st1rred at room temperature for 30 minutes, the 
,9. Xsol vent ya? evaporated to half its original volume and pentane 
-10 ■ ^-adde'd;to;]the^ipo1nt-bf tloudiness'v After cooling at -20*C 
II overnight, a yellow solid was filtered off washed with pentane and 

.\-; : :lzy, -cJrledF.. The yield of active catalyst was 0.75 g. A portion of this 
\ -product wis analyzed and identified as bisCpentamethylcyclopenta- 

. 14 ' : .:d1epy1)methyl(d^ 

16 :•' In this example, an active olefin polymerization catalyst 

,17 . .:. was prepared by dissolving 1.2 g of b1$(pentamethylcyclopenta- 
18 dienyDzirconium dimethyl in 100 ml pentane and then adding 
19: dropwise 5 mi of a toluene solution containing 0.38 g of 

20 7,8-d1carbaundecabbrane(l3). A bright yellow solid precipitated 

21 from solution. After thirty minutes, the solid was filtered off, 
22 ; washed with pentane and dried The yield of product was 0.95 g. A 
23 pprtipn of the product was analyzed and identified as bisCpenta- 

; -24 • methylcyclopehta 

25 zirconium, the same active catalyst produced in Example 1. 

it ECAHfLti . ;•. 

27. In this example, an active olefin polymerization catalyst 

28 was prepared by dissolving 0,425 g of bis (ethyl tetramethylcyclo- 

29 pentadienyDzlrconium dimethyl in 60 ml of pentane and adding 
. .30 : dropwise 5 ml of a toluene solution containing 0.125 g of 

31 "7.M 1car ^ undeta ^^ bright yellow solid precipitated 

32 S;frbm solution.. After f if teen minutes, the solid was filtered off, 
33,; washed. with penta^ : and dried. The yield of product was 0.502 g. 
• 34 ; A-\pbftlpn of the product Was 'analyzed and identified as 

35 bis< ethyl t'etramethylcyclopentadlenyl) 

36 , carbaundecab^ 
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2; . /MaBpVe t -ethylene- was polymerized using a portion 

3 of the catalyst produced ^n Example 2 by dissolving 50 mg of the 
' y >. . catalyst in 1.0Q ml* of toluene and transferring the. catalyst 
: . . :: : 5 - i;-sbTut1dn "lintfer-'aT Alfr<^cn_ateisphere into a st1rr«d..$tnl 1 liter 
6 autoclave: which was previously flushed with nitrogen. The 
..';.v ..U-? \auttcjive was pressured, with 30Q psig ethylene and stirred at 

: 6£ * #C? A ^er ; thi rty mi nutes ; the reactor was vented and opened. 
9 ThVyield of linear polyethylene forned was 22.95 g. 
- V- .f -^io,- ';exahp^:s . : : , . . : 

11 In this example, ethylene was. polymerized with the 

12 catalyst produced in (Example 3 by dissolving 50 mg of the catalyst 

13 in 100 mi of toluene and transferring the catalyst solution under a 

14 nitrogen atmosphere into a stirred, steel 1 liter autoclave which 
y-/ ' .15- • .'••was j previously fished with nitrogen. The autoclave was pressured 

v 16 with 400. psig, ethylene and. stirred at 40*C. After one hour, the 

17 reactor was vented and dpened. The yield of linear polyethylene 

18 formed was 74.6 g 
\\- '\ 19 EXAMPLE 6 . : . , ■ ■ 

; 20 . ... ;In..th1s exaraplfe\ ethylene was again pplyroerired with a 
v . . .^ 2 by dissolving 75 mg 

22 of the catalyst In 100 ml of chlorobenzene and transferring under a 

23 nitrogen atmosphere into a stirred, steel 1 liter autoclave which 

24 was previously flushed with nitrogen. The autoclave was pressured 

25 with 150 psig ethylene and stirred at 40 # C. After twenty minutes, 
T . 26;. theieactdr was. Vented { and opehedv The tield of linear poly- 

• 27 • ethylene . formed was "3.3: g/ 

?fl.. ; EXAHPLE- 7 / ".. 

29 In this example, ethylene was polymerized with an active 

30 catalyst formed in situ by dissolving 80 mg of bis(pentamethyl- 
, 31 . cyclopentadl eriyl )zi rconi urn dimethyl and 35 ; mg of 1 , 2-di carbaun- 

32 decaborane(13) In 20 ml of tfichloromethane. Ethylene was then 

31 bubbled I through the solution at atmospheric conditions for one 

34 minute and^the slurry then poured into an excess of ethanol. The 

35 polyethylene formed was. filtered off, washed with water and acetone 
,36 and: dried. The yield of polyethylene was 1.6 g. 
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•••• ; ^hpie9- ^: ; : ^v; ,.. • ' 

:. ; -;2 ' . - *Ih this example,' an active catalyst Was prepared by 

;V 3.. . v dimethyl (46 mg) 

4 ■ Wf th octaaecab6rane(22) (20 i'mjj j In tbl uene (5 ni)> There was 
■ : . (considerable; gis evolution .On passing ethylene through the 
6 solution for one: minute, the solution grew hot. The vial was 
,7 ... opened and acetone added to precipitate the polymer, which was 

8 filtered off, washed with acetone, and dried. The yield of polymer 

9 isolated was 0:32 g. 

10 EXAMPLE 9 

11 " v In this example, an active catalyst was prepared by 

12 reacting b1s(pentajDethylcyclopentad1eny1)2lrconiutn dimethyl (40 mg) 
.13 ... V1th -tr1(n^b^ (30 
-14:'";; tngy In toluene (50;^ round-bottomed flask. The 
IS \ solution: turned- from colorless to orange-yellow. On.passing 

16", . methylene through the solution for 1 minute, the solution grew hot 

18 EXAMPLE 10 

19 In this example, an active catalyst was prepared in an NMR 

20 tube by combining 50 mg of bis(pentaroethylcyclopentadienyl) 

21 zirconium dimethyl and 40 mg of trUn-butyl) ammonium 1-carbado- 
; 22 decaborate in 1 ml of hexadeuteriobenzene and placing the solution 

23 into the NMR tube. The disappearance of starting material was then 

24 observed by *H NMR spectroscopy and when the starting materials 

25 had disappeared ethylene was injected into the NHR tube. Solid 

26 poller precipitated from the solution. 
17 EXAMPLE 11 . 

28 : In this example, an active catalyst was again prepared in 

29 an NMR tube by dissolving 100 rag of bis[l,3-bis(trimethyls11y1) 

30 . cyctopentadienyljzirconium dimethyl and 60 mg.of trKn^butyl) 

31 ammonium 1-carbadodecarborate in 1 ml of hexadeuteriobenzene and 

32 then placing the solution into the NMR tube. The disappearance of 
■••''^ was: Observed In the V NMR spectrum. When ail 

. \^ had disappeared, ethylene was . 
\,:. 35 ; ; : injected 1 iitp. 'the : tube and solid polymer precipitated from, solution. 
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■ Z - . Iri. this example, an active catalyst was. again'formed in an 

3t: - NMR'tube by dissolving 10Q mg of (pentamethylcyclopentadienyl) 
*;f: n>3^b1$(tri.^ and 70 

5 mg of tr1(n-butyl)aranonium. 1-carbadodecaborate in 1 ml of 

6 hexadeuterioberizene and then placing the solution in the NHR tube. 
k.1 '/ : . OisappeaV^ncje of itartlng iatertal; was followed by. Jh NMR 

: 8.; :.spectnnn and when all of the starting zirconiuro compound >ad 

9 . disappeared ethylene was injected into the tube. Solid ethylene 

10 polymer then precipitated from solution. 
/•^n; :: : ^HPii b '.- "1- ; .•' •'*■ 

12 In this example, an active catalyst was prepared by 

13 suspending 80 og b1s(pentacjethylcyclopentadienyl)z1rconiura dimethyl 

14 and 50 mg of b1s[tri(n-butyl ) ammonium] dodecaborate In 7 ml of 

. 15 "toluene In a serum capped vial. . On mixing, the suspension turned 

16 froci colorless to yellow-green. Bubbling ethylene through the 

17 solution for 30 seconds caused a white polymer to form as the 

18 solution became warm. The vial was opened and the polymer 

19 precipitated with ethanol. The yield of polyethylene was 0.13 g. 
•;-2Q: EXAMPLE 14 

21 In this example, an active catalyst was prepared by 

22 reacting b1s(pentajnethylcyclopentadienyl)zircon1um dimethyl (45 mg) 

23 with tri(n- butyl) ammonium undecahydrido-l-carbaundecaborate (30 mg) 

24 in toluene (5 ml) in a serum-capped vial. The solution turned from 
.:. 25 ; tolorless to yellow^* Onpassing ethylene through the solution for 

26 30 seconds, the solution grew hot as polymer precipitated. 

27 ■* EXAMPLE 15 ■ 

28 In this example^ an active catalyst was prepared by 

29 suspending 80 mg of b1s(pentamethylcyclopentad1enyl)z1rconium 

30 dimethyl and 90 mg of N,N-d1methylan11in1unj bis(7,8-d1carbaun- 

31 decaborato)cobaltate(III) in 5 ml of toluene in a serum-capped 

32 vial. The yellow solution turned orange-violet with gas . 

33 evolution. On passing ethylene through the solution for 30 
>/ 34 ^seconds, othe'Vsdl Ution " turnecf." deep v1 ol et Ml f h * 

35 evolution of heat and became viscous. The vial was opened and the 

. 36 solids precipitated with ethanol. These were washed with 101 
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* 1 aqueous sodium hydroxW solution/ eth 

jhie-yfeld of pol^rtyl^ 

. ^nple 16 y .. v • '■':** ,' .'■>•■'';■' '"v"? 

4 In this example, an active catalyst Was prepared by 

. 5 reacting bis(pentamethy)cydopentadienyJ)z1rcdn1un dimethyl (40 mg) 

. 6 with N,H-dimi?thylan1l1niura bis(7.>d1carbaundecaborato)ferrate(III) 

7 (45;mg> in toluene (10 ml) In a serum-capped vial. On passing 

8 ethylene through the solution, the mixture grew hot as polymer- 

• ' 9 formed. The vial .was opened and the contents diluted with acetone, 

. io then filtered and dried.. The yield of polymer Isolated wai 0.33 gv 

12 In this example, an active catalyst was prepared by 

13 reacting b1s(pentamethyTcyc1opentad1enyl)2lfcdhium dimethyl (40 mg) 

14 with tri(n-butyl)ammonium bts(7,8-dlcarbaundecaborato)n1 chelate 

15 (III) (45 mg) in toluene (30 ml) in a serum-capped round-bottomed 

16 flask. Ethylene was passed through the solution for one minute, 

17 The solution grew hot as polymer precipitated from solution. The 

18 flask was opened and the contents diluted with acetone. The solid 
:;19 : . pqlymer was filtered off , :washed with race tone, and dried. The 
J 20 yield of isolated polymer was. 0 48 g. 

21 EXAMPU 18 

22 In this example, an active catalyst was prepared by 

23 suspending 100 mg of bi s (methyl cyclopehtadienyi)2ircon1um d1 hydride 

24 and 180 mg of N.N-dimethylanillnlura b1s(7,8-d1carbaundecaborato) 

25 cobaltate(III) in 100 ml of toluene in a 250 ml round bottomed 

26 flask capped with a rubber septum. Ethylene was bubbled through 
, ,27 the solution for TO minutes. The flask was opened, the contents 

28 poured into hexane, filtered off and dried. The yield of polymer : 
' -V.' :29- ■•"wasiiiSS gv.;.' - j'.-s/jj" \ • ':■}[..: :\/ : .-\ 

( r.y, 3d \ EXAMPLE 19 r'.^j. ;> .;. , f : \ g >;^';->V ! " . ' • ■! 

31 In this example, an active catalyst was prepared by 

32 suspending 105 mg of blsll t 3-bis(tr1methylsilyl)cyclopenta- 

33 d1enyl]2lrcon1um dimethyl and 90 mg of N,N-d1methy1anil1n1uin 

34 bi s (7 , 8-di carbaundecaborato) col>ai tate( III) 1 n 50 ml' of toluene in a. 

35 100 ml round bottomed flask capped with a rubber septum. Ethylene 

; 36 was.* ^ 
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1 opened and the contents poured Into ethanol and evaporated. The. 

2 yield of polymer was 2.7 g„ 

3 EXAMPLE 20 " 

4 • In this example, an active catalyst was prepared by 

. 5 stirring 50 mg of t>1$<cyclopenUdteny1)zircon1um dimethyl and 90 mg 

6 of H;N-d1iaethy1anil1niuffl bis(7.8-dkarbaundecaborato)cobaltate(III) 

7 1n 50 ml of toluene In a 100 ml round bottomed flask capped with a 

8 rubber septum. On passing ethylene through the solution, no 

9 obvious reaction was observed for one minute, after which a 

10 pronounced turbidity could be seen. After 10 minutes, the flask. 
U was opened/the contents diluted with ethanol and evaporated. The 

12 yield of polymer was 1.9 g. . 

13 EXAMPLE 21 

24 In this example; ethylene was polymerized by reacting 69 -. 

15 mg of blSs(cyc1opentad1enyl)hafnium dimethyl with 90 mg of 

15 N ,N-di methyl anilini urn bis(7,8-d1carbaundecaborato)coba1tate(III) 1n 

17 50 ml of toluene In a septum-capped round bottomed flask. On 

18 passing ethylene through the solution, a pronounced turbidity 

19 appeared after 30 seconds as the solution grew hot. After 10 

20 minutes, the solution was poured into acetone and the polymer 

21 filtered off and dried. The yield of linear polyethylene was 2 2 g 
. : 22 iXAMPLE 22 . > : ■ " -' *;"*[" . v ;" v . ■/. 

23 In this example, ethylene was polymerized by reacting 50 

24 mg of bis(tnroethyls1lylcyclppentadlenyl)hafn1um dimethyl with 45 

25 mg of N,N-d1methylan1l1n1um b1s(7,8-dlcarbaundecaborato) 

26 cobaltate(III) In 5 ml of toluene in a serunvrcapped vial. On 

27 passing ethylene through the solution, polymer formed as the 

28 mixture grew hot. After 1 minute, the vial was opened and the 

29 contents diluted with acetone and filtered off. The yield of 

30 linear polyethylene was 0.35 g. 

32 In this example, ethylene and 1-buteni were copolymerized 

33 in a toluene diluent by adding under a nitrogen atmosphere to a .l 

34 liter stainless-steel autoclave, previously flushed. with nitrogen 

35 and containing 400 ml of dry, oxygen-free toluene, 35 ml of a 

36 toluene solution containing a catalyst prepared in situ from 50. mg 

37 of b11(cycl6pentadienyl)zirconium dimethyl and 45 mg of 
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2 1-Butene (200 ml) was added. to -the autoclave, which was further 

3 pressurized wrth; 120 pslg of ethylene. The autoclave was stirred 
...... 4 . at 50* for 30 minutes, then cooled and vented. The contents' were 

5 dried under a stream of air. . The weight of the poller isolated 

6 was 44.7 g. The\ melting point of the polymer was 117°C and 

7 analysis by infra-red spectroscopy indicated that there were about 
j 8 17 ethyl branches per 1000 carbon atoms. 

I 9 EXAMPLE, 24 

1 . 10 . In this example, ethylene and 1-butene were copo.lyroerized 

, . 11 in a toluene diluent by adding under. a nitrogen atmosphere to -a 1 

! . 12 liter stainless-steel autoclave, previously flushed with nitrogen 

13 and containing 400 ml of dry, oxygen-free, toluene, 50 ml 6f a 

, 14 catalyst solution in toluene containing 70 mg of bisUydbpenta- 
j 15 . die nyl) hafnium dime thy t and 45 mg of H,M-d1methylan111n1um 

16 b1s(7 t 8-dfcarbaundecaborato)cobaitate(iri). 1-Butene (200 ml) was 

17 added to the autoclave, which was further pressurized: with 120 pslg 

18 of ethylene, the autoclave was stirred at 50* for 20 minutes, then 
1 19 cooled and vented. The contents were dried under a stream of air. 

j 20 The yield of isolated polymer was 75.1 g. The melting point of the 

! . 21 polymer was 109 # C and analysis by infra-red spectroscopy indicated 

22 that there were about 29 ethyl branches per 1000 carbon atoms! 

C : l']\\;h EXAMPLE 25 ' \VV ; 

24 In this example, ethylene was polymerized by reacting 66 

25 mg of l-bis(cyclopentadienyl)titana-3-dimethyls11acyclobutane and 

26 88 mg of N,N-d1methy]aniliniuo bis(7,8-tftcarbaundecaborato) 

27 cotaltate(Ili) In 25 ml of toluene in a serum-capped round-bottomed 

28 flask. The solution darkened on passage of ethylene through It. 

29 After 10 minutes, the flask was opened and the contents diluted 
,30 with ethanol. The polymer was filtered off, cashed with ethaitol 

31 and acetone, and dried; The yield of polyethylene Isolated was 
> ' ■:.' y y 32\o.09g.; : v.- : " ■ 

33 EXAMPLE 2$ 

34 In this example, ethylene was polymerized by reacting 61 

35 mg of 1 -bis (eye lopentadienyl )zircona-3-d1 methyl sltacyd obiitane arid 

36 67 mg of N ; N-di methyl ant I1n1 urn b1s(7,8-d1carbaundecaborato) 

37 cotaltate(III) in 20. ml of toluene in a serum-capped round-bottomed 
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' - flasjt.; On paV s? hg the solut 1 on ; • : / V- 

'.; • 2 : : precipitaWtf as^ 7 ia1 ;- 

3 was' opened and the contents diluted with ethanol. The precipitate 

4 was filtered off, washed with ethanol, .and dried. The. yield of 

5 polyethylene isolated was 1.41 g. 
- 6 EXAMPLE 21 - 

7 In thls.exajnple, ethylene was polymerized by reacting -82 

8 mg of l-Ms(cyc1opentad^^ and 88 

9 mg of H.N-d1meth>lan1;l1n1um b1s(7 > 8-d1carbaundecaborato) ... 
v ib • cobal tate<III); lih 20^1 lof toluene in -a ierup^capped round^bttome^ 

11 flask. On passing ethylene through the solution, polymer 

12 precipitated as the solution grew hot. After 5 minutes, the flask 

13 was opened and the contents diluted with ethanol. The polymer was 

14 filtered off. washed with ethanol, and dried. The yield of 

15 polyethylene Isolated was 1 54 g. 

16 EXAMPU 29 

17 In this example, ethyl en e was polymerized by reacting 67 
18- mg bf bis ( eye l ope nt ad 1e^ : 

19 and 88 mg of N ,N-di methyl anl 1 intura b1 s(7,8-d1carbaundecaborato> 

20 cobal tate(III) In 50 nil of toluene In a serum-capped bottle. 

21 Ethylene was passed through the solution, which gradually grew 

22 warm. After 15 minutes, the bottle was opened and the contents 

23 diluted with ethanol. The polymer was filtered off. washed with 

24 ethanol, and dried. The yield of polymer Isolated was 1.67 g. 

" "'; 25 EXAMPLE 29 . ' ::V: V V; " • : ; \ / ' . 

26 In this example, ethylene was polymerized by reacting 40 

27 mg of bis;(cyclopentadieny1)hafniu^ 

28 43 mg of N,N-d1methy1ani1iniura bi s(7 t 8-d1carbaundecaborato) 

■ 29 cobal tatedll) In 50 ml of toluene In a serurar capped bottle. 

30 Ethylene was passed through the solution, which became turbid 

31 within 30 seconds. After 20 minutes, the bottle was;opehed and the- 

32 contents diluted with ethanol, The solid polymer was filtered off. 
33 ; washed with ethanol . and dried. The yield of polyethylene isolated 

34 . • was". 0:43 g> ; . : ! • 

35 : EXAMPLE 30 • - - : v ' .\-r ^vVV 

36 In this example, ethylene Was polymerized by reacting 55 

37 • mg of ipen Wthylcyclopentadi enyl )(tetramethyl.e.ta methylene 



• " % "--V "•■ *' •V : ' i . : ' : * : ''- 32 ':""' • f"''.^ •' 

■7." 1 " and 45 tug of N^IMU. : .= 

2 methylanl MntuD bi$(7,8^fcarBaundecaborato)cobaUate(HI) In 20 ml 

3 of toluene in a seruiKcapped .rourid-bottpaed flask. On passing 

; : 4 • ■ ethylene through the solution;, ppt^ and 

5 much heat was evolved. After 5 olnutei, the flask Was opened and 
:.. 6./ th? «ntehts.« .■ 

. 7 • off; washed with icetqne^ : 

8 Isolated Was 0:55 g. . ' ■ * 

9 EXAMPLE -31 ; , 

10 In this example, ethylene was polymerized by reacting 80. 

11 mg of (pentanethylcyclopentadi enylKtetraiaethylcyclopentadl enyl- 

12 raethylene)hafn1um benzyl and 60 mg of N ( N-diajethylanil1niun • 

13 >is(7:8.dicarbauh^ of tpluene^K'a; 

14 serum-capped bottle, Ethylene vas passed through the solution for 

15 10 minutes. Polymer- precipitated as the solution grew warm. The 

16 bottle vas opened and the contents diluted with ethanol. The solid 

17 polymer was filtered pff, washed with acetone, and dried. The 

18 yield of polyethylene isolated was 0.92 g. 

19 EXAMPLE 32 ; " \ V; 

20 In this example, ethylene was; poiymerizetf; by reacting 0U2 

21 g of b1s(triraethyls1lylcyclopentadienyl)hafn1um dimethyl with 0.08 

22 g N,N-dimethylanilin1um bis(7 f 8-dicarbaundecaborato)cobal tateCJII) 

23 in. 10 ml of toluene. A portion of this solution (0 4 ml) was 

24 injected under a pressure of 3000 bar of Isopar into an autoclave 

25 pressurized to 1500. bar with ethylene and heated to .160* . After 5 

26 seconds the contents of the autoclave were discharged. Linear 

27 polyethylene (2 1 g) with a weight-average molecular weight of 

28 144,000 and a molecular weight distribution of 2>9 was Isolated; 

29 Wn V*? the present invention has been described and 

30 illustrated by reference to particular embodiments "theredf. it will 

31 be appreciated by those of ordinary: ski ll in the art that the same 

32 lends Itself to variations notnecessarily illustrated herein. Tot 
3 * :^his re^sbn, then, reVertnce steyldibe made soleiy/.to" th^^pVended ' 
34 claims for purposes of determining the true scope of the present 

.35 - invention. 
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CUIMS: 



of: 



1 Method" for preparing:- a catalyst comprising the* steps. 



(a) combining, in a suitable solvent or diluent, at least 
one first compound consisting of a>1s(cyclopentadienyl)metal 
compound containing at least -one substituent capable of reacting 
with a proton* said metal being selected from the group consisting 
of titanium, zirconium and hafnium and at least one second compound 
compri sing a cation,- capable of donating a'protori;. ahd>n; anion 

. containing a plurality of boron atoms which Is Jbulkyv labile and 
capable of stabilizing the metal cation formed as a result of the 
reaction between the two compounds; 

(b) maintaining the contacting in step (a) for a 
sufficient period of time to permit the proton provided by the 
cation of said second compound to react with said substituent 
contained In said metal compound; and 

(c) recovering an active catalyst as a direct product or 
as a decomposition product. of one lor more of said direct products 

• from Step (b). ")• 

2. Method according to Claim 1 wherein said bis(cyclo- 
pentadienyDmetal compound may be represented by the following 
. general formulae: - [ 

\Y ' <A-cpjKxtx 2 . r ' -;Vi>' V"V" 

(A^pJHX'iX^ 
(Cp*)(CpR)MXi 

Wherein: 

M 1s a metal selected from the: group consisting of 
titanium (Ti), zirconium (Zr) arid hafnium (Hf); (A-Cp) Is 
either (Cp)(Cp*) or Cp-A'-Cp* and Cp, and Gp* are the same: 
or different substituted or unsubstituted cyclopentadienyl 
radicals , optionally, bio independently substituted br 
unsubstituted radicals i A; is a cbvalent bridging group . ; 
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1 containing a Group IV-A: element; L is an olefin; dlolefin- v. 
or. aryne iigand; Xj aMX^ -are,. Independently,; : 
* selected from the group. consisting of h^r1de * : .v*'. 
radicals .hydrocarbyl radicals,, substituted-hydrocarbyl 
."radi cal s V * optVbrial 1 jr : twar" ipmir ■ alkyl- svAistlftuents^' or- two 
' - hydrides, o^ 

and X' 2 are joined -and bound tci the metal .at(p.to fbrn a. 
netallacycie, In which the metal. X'.y and X' 2 form a 
hydrocarbocydlc ring: containing from about 3 to about 20 
carbon atoms; and R Is a substituent on one of the 
cyclopentadlenyl radicals which is also bound to the metal 
atom. • ^ 

3. Method according to CI aim 1 or Claim 2 wherein said 
second compound may be represented by one of the following general 
formulae: ■:..*'*' 
ILVH]|(CX) a (BX') fl X ,, b ] C '" 
Hhereiri: ■ ■ ' A- •( v . >,'-'.'.;\ 

LVH Is either H+, ammonium 
radical; having up to 3 hydrogen atoms -replaced with a 
hydrocarbyl of substituted-hydrocarbyl radical, a 
phosphonturo or substltuted-phosphonl um radical having up 
to 3 hydrogen atoms replaced with a hydrocarbyl or 
substituted-hydrocarbyl radical and the like; B and C are, 
respectively, boron and carbon; X, X 1 and X" are radicals 
selected/ Independently, from the^ 
hydride radicals, ha 11 de radicals, hydrocar by V 
organo-raetalloid radicals and the like; a and b are 
Integers > ft; c is an Integer > 1; a ♦ b + c - an 
even-numbered Integer from 2 to about B; and m is- an 
Integer ranging from 5 to about 22; and/or 

. *V Wherein:-. y. : :-/}■/'- >.'■"'■*•' ' '':•* : ' : :': \ : : .^-V'- 

LV-H is either H*; ajramonlum or a substituted-ammonlum 
radical having up to 3 hydrogen atoms. replaced wi th- a 
hydrocarbyl or substituted-hydrocarbyl radical 6 a 
phosphonlura or substituted-phosphonium radical having up 
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to 3 hydrogen atoms., replaced vlthi hydrocirbyl or 

5ubst1tuted.hydrocarbyl radical and thi like;. B, ;C, H and- = 

H^re ;: respectively- bbroh, carbonv a transit 1 oh. metal and^ 
. hydrogen; X 3 , X 4 arid Xj:are radk 
r . independently^; from the group conslstfng of hydride ■ • 

radical $;. ha Jijfi. radlfaliv hydfocar^ 

organo-metallold radicals and the like; a 1 and b' are the " 

same or a different, Integer. > 0; ^ 
J' . !>' ♦ c * -an even-riumbered. integer frbo. 4 to about 8; 

m' Is an Integer from 6 to about 12; .n;js 'ttriStVgc^iofcK-:; 

that 2c' "- n • d; arid d Is an integer >% 

. 4. Method according to any of the preceding claims 
wherein the contacting of step (a) Is accomplished at a temperature 
within the range from about -100°C to. about 300'Ci preferably at 
from 0 to 45,000 psig. 

5. Method according to any of the. preceding . daimi 
wherein said second compound 1s represented by the general formulae 
t L 1 -H] [ ( 01 ) j x ( BH ) ^ ] c * ~ 
; " Wherein: / L '. ; " .0 

LVH Is either H* 9 ammonium or ;a : substltuted^airoTOnium 
optionally tri-subst1tuted radical having up to 3 
hydrogen atoms replaced with a hydrocarbyl or substituted- 
hydrocarbyl radical , a phosphonlum or substl tuted- 
phosphonlura radical having up to 3 hydrogen atoms replaced 
with a hydrocarbyl or /substituted-hydrocarbyl radical and 
the like; B, C, and H are, respectively, boron, carbon and 
hydrogen; ax Is either 0 or 1; cx Is either 2 or 1; ax ♦ 
cx • 2; arid bx 1s an integer ranging from 10 to 12. 

6. Method according to Claim 6 wherein said second 
compound, is selected from the group consisting of b1sCtr1(n-buty1) 
ammonium] dodecaborate and tri(n-butyl) ammonium 1-carbaurideca or 
1-carbadodecaborate and said first compound Is selected from the 
group consisting of b1s(pentamethylcyclopentadienyi)zirconium 
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hydrocarbyl or substltuted-hydrocarbyl radical . a , ; ■ 

phosphdnium or substltuted-phosphonium radical 'having tip' 

to 3 hydrogen atoms replaced with a hydrocarbyl 0 r- 

substituted-hydrocarbyl radical, and the like; i, C, H and 

W are, respectively, boron, carbon, hydrogen and a 

transition metal; az Is an "integer :from O to 2*. bz Is in"'. 

nteger from o to 2; cz Is either 2 or 3; ... Is ai ln^eger 

frora9tol, v^t^«>4;:andn 2: andd 2 are ' W 
respectively, 2 & 2 or 3 & i. : ! '. 

10. Method according to Claim 9 wherein said second ' ' 
compound Is H.N-din.ethylanlliniun. Ms^ndecahydrido^ a-di^ ■ ■ ■ ' 
carbaundecaboratd) cobaltate(III) and/or wherein said first '' ' 
compound » selected frbn the group .consisting of • 
l-bis(cyclopentad1eny1)titana-3-d1meithyls1lacyclobutane 
l-b1s(cyclopentadienyl)zircona-3-d1methyls1lacyclob U tane. and 
.l-bis(cyclopentad1enyl)hafna-3-dimethyls1lacyc1obutane 
bls(cyclopentadlenyl) iirconiu. (2,3-di B e%1.1.3.b„tadiene) a nd ' - ; 
bls(cyclopentadiehyl) hafn1um(2.3-d1 0 ethy1.l,3-butad1ene) 
(pentamethylcyclbpentadienyl) (tetranethyicyclopentadienyi- 

«>ethylene)z1rconium phenyl and (pentanethylcyclopentadienyl) ■ 
(tetramethylcyclopentadlenyimethylene) hafniub benzyl; or wherein ' 
said second compound Is selected from the group consisting of • 

N.N-d.methylanllinlur bis(7.8-dicarbaundecaborato)nickelate(in) : ' 
and N,N-dimethy1an11ln1u» b1s(7.8-dicarbaundecabdrat6) ferrate(IIl) 
in which case preferably said first compound is bl'sipentamethyl-- ! 
cyc1opentadienyl)z1rcon1um dimethyl. ' 

11 .... Method for polymerizing an o-olefin. 4 dlolefln 
and/or an acetylenlcally unsaturated compound containing from z to • 
about 18 carbon atoms either alone or in combination With one or ,.' ')-■ . 
.. more other monomers comprising, the steps of: 

: (a) contacting at a temperature within the range f torn : 'L\. 
• abOUt -- ,00 * C to 300X and at a pressure within the range - ^ 
from about 0 to about 45.000 pslg. an olefin; Ololefin and/or .<. 
an acetylenically unsaturated monomer either alone or in 
combination with one or more other monomers In a suitable 
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carrier, solvent or diluent v<+k ^ - *V • - 

or In situ dnrin. , 3 Cata,yst pre P ared Previously 

"... - A^rc'"-^ * ; 

(b) cont1nu, "3 the contacting of Wen fa) f«r , 

perfod of time to po l>B 'J* W 7e«t T \i - ^ 
said olefin; 'J™eri Ze at least a portion of . 

(0 recovering a poller product; . 
... Claims Ito'io* to i .jKij 

:.lal. „;' 3 -. P ° 1y0,e " n "cbrdance Vith the 

14. Composition of matter "contain"^' ; 
Wherein: 

^ M^^'^'^'^^W^ of ■• 

o. fr rL t -s^^^^^ ^ e ^ 

p e Z 1 16 "'-ting ,»,o„ Which ^ be- ■ ^ 

■■ ' ""^ the ^"owing general foriue: : S - 

Wherein: ; '""•"V V / . ; X 

con S -1i«? , I ■ ' the group : v 

on isti g of M r1d, radicals.: hallde radicals vWV 

* 3 andb are int W ^c^an{toeger>;, ; 
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a ♦ b ♦ c - an even-numbered/ integer, from 2 to about 8^' 
and Q Is an integer ranging from 5 to about 22; and: 34* 

B, C and H are, respectively, boron, carbon and a * ' 
transition ffl eta1;x 3 , x 4 and X 5 are] radicals ' 
I' r«T' '; d T ndent,y ' ^ the group consisting of . 
Mride radicals, halide radicals, hydrocarbyl radicals 
^"-tanold radicals an. tbe.ike,,' an^ ^ " ne / 
SMe " 3 d,ffe ""» ?«tWer > 6; C'\ is an integer ^ 
: • ♦ ft Can even-numbered ••integer from 4 to about 8 - ! 

tnat2c - n . d; and d Is an integer > l. 

ra r„, i *\ C6fl,pCS,ticn of "«ir according to Claim 14 wherein^- 
- Ms a b.s(pera, kyl - 5ubst1tuted £y£lopentad , e " 

>> group; B' „ (dodecahydrfdb-7,8-d1carbaundecaborato) and H is 

ub tit Ud eye opentadienyl radicals are. Independently. 'V \ 
C r C alltyl radicals and the alky) group J, , c.-C- a Lj , 

radical. «",cal being preferably a methyl 
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